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TITLE OF THE INVENTION 

WEAK LIGHT COLOR IMAGING DEVICE 
RELATED APPLICATION 

The present application is a continuation-in-part 
5 application of PCT application No. PCT/ JPOO/05929, 

filed on August 31, 2000, designating U. S. A and now 
pending . 

BACKGROUND OF THE INVENTION 
FIELD OF THE INVENTION 

\s 10 The present invention relates to a weak light 

O 

P color imaging device for capturing images of weak light 

m 

from a subject, and more particularly, to a weak light 
color imaging device characterized in that images are 
captured by emphasizing fluorescent light from the 
C| 15 subject. 
Q RELATED BACKGROUND ART 

m In recent years, much attention has been paid to 

the new cancer diagnosis methods and therapy methods of 
photodynamic diagnosis (FDD) of cancer cells which 

20 involves injecting the patient with a photosensitive 

material which accumulates to a higher degree in cancer 
cells than normal cells, and then studying the 
fluorescence generation characteristics when the 
photosensitive material is excited by light of a 

25 particular wavelength, and photodynamic therapy (PDT) 

which utilizes the fact that cancer cells are broken 
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down by generation of singlet oxygen when the 
photosensitive material is excited by light of a 
particular wavelength. 

Hematoporphyrin derivative (HpD) is often used as 
5 the photosensitive material in FDD and PDT . To describe 

FDD using HpD, the HpD emits fluorescence having peaks 
at wavelengths of 630 nm and 690 nm, when irradiated by 
excitation light of wavelength 405 nm. Therefore, if 
excitation light of wavelength 405 nm is irradiated 

M* 10 onto cancer cells where HpD has accumulated, and the 

O 

vicinity thereof, then fluorescence having peaks at 



m 



wavelengths 630 ma and 690 nm will occur in the cancer 



9' cells where a large amount of HpD has accumulated, 

SI whereas the normal cells where hardly any HpD has 

p 15 accumulated will generate no fluorescence. PDD involves 

w 

p detecting this fluorescence in order to diagnose the 

location of cal3ncer cells. 
IV SUMMARY OF THE INVENTION 

However, the fluorescence from the cancer cells is 
20 very weak, and in the early stages of cancer, only 

extremely weak fluorescence is generated* Therefore, a 
light amplifying tube known as an x image intensified 
(I.I.) is used in PDD to amplify the light intensity 
when capturing fluorescent images. However, if a light 
25 amplifying tube is used, then wavelength information is 

lost, and hence in the image of the light intensity 
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obtained from the region of cancer cells, it will be 
difficult to tell which portion of the image shows 
fluorescence having peaks at wavelengths 630 nm and 690 
nm emitted from the cancer cells, and to identify 
5 whether the image shows reflected light or fluorescence 

of other wavelengths emitted from other materials* 
Consequently, there has been increasing demand for the 
development of a device capable of capturing images of 
the region of cancer cells, in color and in moving 
10 images, so that the state of the peripheral region of 

cr 

p. cancer colls can be viewed simultaneously with the 

fluorescence from the cancer cells, 
a / In order to obtain color images/ a color camera 

%1 should be used, but it is not possible to use a 

|3 15 standard color camera in order to capture images of 

w 

"P weak light, such as the fluorescence from cancer cells* 

lei 

A conventional weak light color imaging device is 

w 

Sw either a cold CCD color camera, or an astronomical 3 

CCD color camera, or the like, but a cold CCD color 
20 camera can only produce stationary images, whilst an 

astronomical 3 CCD color camera is a large and 
expensive apparatus/ and therefore, if a standard 
device is used, it will be extremely bulky and costly. 
A further prior art technique is a method wherein 
25 images taken when illumination light is irradiated onto 

the subject, and images wherein excitation light is 
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irradiated onto the subject are captured separately, 
the images of the peripheral region of the subject and 
the images of fluorescence from the cancer cells are 
formed into a single image by superimposition, and this 
5 single image is repeatedly captured and displayed, 

whereby the subject can be observed by means of moving 
images- However, since the illumination light and the 
excitation light are not irradiated onto the subject at 
precisely the same time when it is imaged, a problem 
10 arises in that it is not possible to observe in real 

time, for example, the extinguishing of fluorescence 
due to the destruction of cancer cells in PDT ♦ 



M f Therefore, it is an object of the present 

Si invention to provide a weak light color imaging device 

Q 15 capable of capturing clear images of the fluorescence 

m 

P| from a photosensitive material accumulated in cancer 

J^j cells in particular, which can be constructed 

W inexpensively by means of a single detector, and which 

is able to provide moving images in real time* 
20 In order to achieve the aforementioned object, the 

present invention is a weak light color imaging device 
for capturing color images of the weak light from a 
subject, characterized in that it comprises: 
illuminating means for illuminating the subject; 
25 exciting means for causing fluorescence to be generated 

by irradiating excitation light onto the subject; 
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filtering means for respectively transmitting the red, 
green and blue wavelength components of the weak light 
from the subject; amplifying means for amplifying the 
light intensity of the respective red/ green and blue 
5 wavelength components of the weak light of the subject 

as transmitted by the filtering means; imaging means 
for capturing images of the respective red, green and 
blue wavelength components of the amplified light from 
the subject; storing means for storing the respective 
|# 10 red, green and blue wavelength components thus 

CI 

H captured; converting means for superimposing the image 



H 



UJ 



signals for the red, green and blue wavelength 
components stored by the storing means, and converting 
same to a color image signal; monitoring means for 

5 15 displaying the color image signal as a color image; and 

j 

p output varying means for varying the output of the 

!Us illuminating means. 

According to the present invention, the light 
intensity from the subject is amplified and images are 
20 captured in real time. Furthermore, the images of the 

red, green and blue wavelength components of the weak 
light are captured respectively in synchronism with a 
television vertical synchronization signal, and 
superimposing these images, a single color image is 
25 obtained. Moreover, by adjusting the quantity of the 

illumination light, it is possible to capture images 
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without the weak fluorescence generated by the subject 
due to the exciting means being swamped by the 
illumination light, and hence the appearance of the 
peripheral region of the subject can be captured 
5 simultaneously in a moving color image* 

Desirably, the output varying means varies the 
output of the illuminating means in such a manner that 
the intensity of the light front the illuminating means 
incident on the imaging means due to reflection or 
10 scattering by the subject is equal to, or equal to or 

less than, the light intensity of the fluorescence 



||j incident on the imaging means from the subject. 

m 

Moreover, it is also possible for the filtering 



means of the weak light color imaging device according 
CI 15 to the present invention to transmit a greater quantity 

w 

r| of the red wavelength component of the weak light from 

p the subject than the blue and green wavelength 

components* Thereby, since images containing a large 
quantity of red wavelength component are captured, it 
20 is possible to obtain color images wherein the 

fluorescence from cancer cells which is included in the 
red wavelength component is emphasized. 

Moreover, the filtering means of the weak light 
color imaging device according to the present invention 
25 may transmit a greater quantity of the red wavelength 

component of the weak light from the subject than the 
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blue and green wavelength components, by transmitting 
the red wavelength component for a longer period of 
time than the blue and green wavelength components* 
Thereby, similarly to the aforementioned aspect of the 
5 present invention, since images containing a larger red 

wavelength component of the respective red, green and 
: blue wavelength components of the weak light from the 

j subject is captured, it is possible to obtain a color 

| image wherein the fluorescence from cancer cells which 

p 10 is included in the red wavelength component is 

tl 

emphasized. 

Furthermore, the filtering means of the weak light 
p color imaging device according to the present invention 

N may also transmit a greater quantity of the red 

b 

"61 15 wavelength component of the weak light from the subject 

y 



h 

m 



than the blue and green wavelength components, by 
transmitting the red wavelength component at a higher 
transmissivity than the green and blue wavelength 
components. Thereby, similarly to the aforementioned 
20 aspect of the present invention, since images 

containing a larger red wavelength component of the 
respective red, green and blue wavelength components of 
the weak light from the subject is captured, it is 
possible to obtain a color image wherein the 
25 fluorescence from cancer cells which is included in the 

red wavelength component is emphasized* 
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Moreover, the filtering means of the weak light 
color imaging device according to the present invention 
may also transmit a wavelength component in the 
infrared region. Thereby, even if the wavelength from 
5 the subject includes infrared wavelength components, 

since this is also captured, it is possible to obtain 
images containing infrared wavelength information* More 
particularly, even if the photosensitive material 
accumulated in the cancer cells generates fluorescence 
io in the infrared wavelength region, it is possible to 

p obtain images which contain this fluorescence* 

The present invention will be more fully 
understood from the detailed description given herein 
below and the accompanying drawings, which are given by 
15 way of illustration only and are not to be considered 

as limiting the present invention. 

Further scope of applicability of the present 
invention will become apparent from the detailed 
description given hereinafter. However, it should be 
20 understood that the detailed description and specific 

examples, while indicating preferred embodiments of the 
invention, are given by way of illustration only, since 
various changes and modifications within the spirit and 
scope of the invention will be apparent to those 
25 skilled in the art from this detailed description. 

BRIEF DESCRIPTION OF THE DRAWINGS 
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Fig. 1 is an is an approximate diagram of a weak 
light color imaging device relating to a first 
embodiment of the present invention; 

Fig. 2A and Fig. 2B is a diagram showing the 
5 structure of a variable-output white light source; 

Fig. 3 is a diagram showing the fluorescence 
intensity of HpD at respective positions of a body 
containing cancer cells which has been injected with 
HpD; 

I?* 10 Fig. 4 is a diagram showing wavelength 

0 

p transmission characteristics of a RGB filter; 

si 

jjj Fig, 5A is a diagram showing the composition of an 



f! RGB filter divided into four regions constituting a' 

N* 
M 

first embodiment; 

CI 15 Fig, 5B is a diagram showing the composition of an 

Q RGB filter divided into three regions constituting a 

m first embodiment; 

Fig. 6 is a diagram showing amplification 
characteristics with respect to the wavelength of the 
20 light amplifying tube constituting a first embodiment; 

Fig. 7A - Fig, 70 shows timing charts of the 
action of a first embodiment, in a case where the RGB 
filter in Fig. 5A is used; 

Fig. 8A - Fig. 8M shows timing charts of the 
25 action of a first embodiment, in a case where the RGB 

filter in Fig. 5B is used; and 
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Fig* 9 is an approximate diagram of a weak light 
color imaging device relating to a second embodiment of 
the present invention, 

DETAILED DESCRIP T ION OF TH E PREFERRED EMBODIMENTS 
5 Below, one embodiment of the present invention is 

described with reference to the accompanying drawings. 
In the description of the drawings, the same symbols 
are applied Lo the same constituent elements, and 
duplicated descriptions are omitted. 

I* io To begin, a first embodiment of the present 

Q 

C! invention will be described* Fig + 1 shows an 

81 

yff illustrative diagram of a first embodiment. This first 

Si 

j*^ embodiment is a device which uses a weak light color 

imaging device according to the present invention in an 
15 endoscope 11. As illustrated in Fig. 1, the weak light 
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Q color imaging device according to the first embodiment 

comprises an endoscope 11 having three types of light 
source 21, 22 and 23 opposing a subject A, a camera box 
3 which amplifies and captures images of the weak light 
20 from the subject A guided by the endoscope 11, into 

respective red, green and blue wavelength components, 
an RGB control unit 4 for obtaining a single image by 
computing the imago signals of the respective 
wavelength components thus captured, a monitor 27, VTR 
25 28 and PC 29 for displaying and recording the captured 

image, and other peripheral devices. 
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In the first embodiment, in order L:o capture axi 
Image of a subject A comprising cancer cells, using a 
weak light color imaging device, it is necessary for 
the endoscope 11 to be inserted inside the patient's 
5 body and for the front tip of the endoscope 11 to be 

opposing the subject A, Therefore, firstly, a color 
camera 12 as connected to the endoscope 11, and then 
the position of the subject A is located* As shown in 
Fig. 1, the endoscope 11 having a variable-output 
10 fluorescent light source 21 (Xe lamp) , and the 

D 

illumination from the white light source 21 is directed 
by a light guide (not illustrated) to the front tip of 
the endoscope 11, where it is irradiated onto the 
interior of the body. The color camera 12 is connected 
Q 15 via an OES TV SYSTEM 13 to a monitor 27. Thereby, an 

w 

image of the interior of the body faced by the 
endoscope 11 is projected on the monitor 27. The 
operator controls the endoscope 11 appropriately so as 
to find the subject A by means of the images displayed 
20 on the monitor 27. When the subject is discovered, the 

endoscope 11 makes a one-touch connection with the 
connection section for the endoscope 11 on the camera 
box 3. Thereby, the endoscope 11 faces the subject A, 
and the weak light from the subject A it is facing is 
25 guided by the image guide (not illustrated) of the 

endoscope 11 to the camera box 3. Thereafter, the 
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subject A is observed by means of the weak light color 
imaging device according to the first embodiment. 
Incidentally, it is supposed that hematoporphyrin 
! derivative, which is a photosensitive material, has 

5 been injected previously into the patient's body, 

i Next, the composition of the endoscope II will be 

j described. As shown in Fig. 1, the endoscope 11 

i 

| comprises a variable-output white light source 21 which 

| irradiates illumination light onto the subject A by 

M 10 means of a light guide (not illustrated) provided in 

jp 

p the endoscope 11 as described above, an excitation 

III 

p| light source 22 (Hg-Xe lamp) for generating 

characteristic HpD fluorescence by irradiating 
N excitation light, as used in photodynamic diagnosis 

P 15 (PDD) , and a treatment light source 23 (excimer dye 

P laser) for destroying cancer cells by irradiating 

treatment light, as using in photodynamic therapy 
(PDT) * The light from these sources is irradiated onto 
the subject A by being guided by fibres lib comprising 
20 connectors inserted into an eyelet Ha attached to the 

endoscope 11. 

Fig. 2A and Fig. 2B show the internal structure of 
a variable -output white light source 21. As shown in 
Fig. 2A, this white light source 21 comprises an Xe 
25 lamp 21a forming the light source, a condensing lens 

21b for condensing the light of the Xe lamp 21a, and a 
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shield plate 21c for shielding the condensed light. The 
light transmitted by the shield plate 21c is directed 
via an optical fibre 21d into the endoscope 11. As 
shown in Fig. 2B, the shield plate 21c has an isosceles 
5 triangular shaped hole section in the vertical 

direction thereof, and when light from the light source 
21a is incident on the shield plate 21c, the light 
incident on the hole section is transmitted without 
alteration, whilst the rest of the light is shielded by 
M* io the shield plate 21c. Therefore, if the shield plate is 

0 moved upwards and downwards, then the amount of light 

CO 

HI that is able to pass the shield plate 21c changes 

according to the width of the isosceles triangular 
shaped hole section. Since the white light source 21 is 



O 15 constituted in this way, the output thereof can be 

y 

O varied. 



5 ~.i 



Fig. 3 shows the fluorescence spectrum of HpD in 
different locations when excitation light is irradiated 
onto a body containing cancer cells, into which HpD has 

2 0 been injected. As shown in this diagram, since the 

cancer cells (tumour) accumulate the HpD selectively, 
fluorescence having peaks at wavelengths 630 nm and 690 
nm as characteristic of HpD is generated. However, in 
the peripheral region of the cancer cells, where the 

25 amount of HpD absorbed in low, the. HpD fluorescence 

generated is of lower intensity than in the cancer 
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cells* Since normal cells hardly accumulate HpD, there 
is virtually no HpD fluorescence- PDD is a diagnosis 
method which uses the characteristics of the HpD 
accumulated selectively in the cancer cells in this way 
5 to diagnose cancers by detecting fluorescence of the 

characteristic wavelength of HpD. In the first 
embodiment of the present invention, excitation light 
is irradiated onto the subject A by an excitation light 
source 22, the fluorescence of the HpD is captured as 

M* io images by the weak light color imaging device, and the 

0 

O observer is able to diagnose cancer cells in the 

Kf 

peripheral region of the subject A, in other words, to 
perform PDD, by observing the fluorescence. Moreover; 
if the position of the cancer calls can be confirmed, 
CI 15 then it is also possible to perform PDT at that 

w 

O position by changing the excitation light source 22 for 



III 

m 
si 
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ru 



the treatment light source 23 and irradiating treatment 
light on to the cancer cells. 

Next, the composition of a camera box 3 is 

2 0 described. As shown in Fig. 1, weak light from the 

subject A is guided by the endoscope 11 to the camera 
box 3* The camera box 3 comprises an excitation light 
excluding filter 31 for excluding the excitation light 
components reflected for scattered by Che subject A 

25 when the excitation light source 22 is used, a coupling 

lens 32 for condensing the weak light from the subject 
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A, an RGB filter 33 for respectively and separately 
transmitting the red, green and blue components of the 
condensed weak light from the subject A, a rotational 
motor 34 for causing the RGB filter 33 to rotate, a 
5 light amplifying tube 35 for amplifying the light 

transmitted by the RGB filter 33, and a CCD camera 37 
for capturing images of light amplified by the light 
amplifying tube 35, by means of a relay lens 36. 
the excitation light excluding filter 31 is 
I* 10 connected to a filter controller 24, and when the 

CI 

D excitation light source 22 is being used, the 

to 

iff excitation light excluding filter 31 is inserted 

m 



si 



inbetween the endoscope 11 and coupling lens 32 and 

excludes the excitation light component contained in 

3 15 the weak light from the subject A, whereas when the 

excitation light source 22 is not being used, the 



excitation light excluding filter 31 is moved and 
controlled so that the weak light from the subject A 
guided by the endoscope 11 is conducted directly onto 

20 the coupling lens 32. Moreover, the rotational motor 34 

is coupled to an RGB filter controller 25, which 
controls the RGB filter 33 in such a manner that it 
rotates in synchronism with a synchronizing signal, as 
described hereinafter. Furthermore, the light 

25 amplifying tube 35 is connected to a light amplifying 

tube power source 26, which is controlled in such a 
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manner that a gate function of the light amplifying 
tube 35 is activated by switching the light amplifying 
tube power source 26 ON and OFF in synchronism with the 
synchronizing signal, as described hereinafter* 
5 The wavelength transmission characteristics of tho 

RGB filter 33 used in the first embodiment are now 
described with reference to Fig, 4. The RGB filter is 
constituted by filters which respectively transmit 
light of the three basic colors, red (R) , green (G) and 
M* io blue (B) . Fig. A is a diagram showing the relationship 

0 between the wavelength of the light incident on the RGB 

m 

jjfj filter and the transmissivity thereof; and it depicts 

j*^ respective wavelength transmission characteristics for 

^ the three filters, red, green and blue. The solid line 

s 

CI 15 indicate the wavelength transmission characteristics of 

w 

0 the RGB filter when used in a standard CCD camera. It 

can be seen that the transmissivity increases as the 
wavelength shortens, from red, through green to blue. 
These wavelength transmission characteristics are set 
20 in order to obtain an image which corresponds to the 

visual receptivity of humans, in such a manner that the 
colors of the obtained images correspond to the colors 
of the images as actually seen by the human eye* The 
single-dotted line indicates the wavelength 
25 transmission characteristics of an RGB filter 33 having 

raised transmissivity of components in the longer 
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wavelength, red region, as used in the first 
embodiment. Here, it can be seen that in contrast to 
the standard RGB filter illustrated by the solid line, 
; the transmissivity increases as the wavelength 

: 5 lengthens from blue, through green to red* Therefore, 

' the image thus obtained has stronger intensity in the 

! longer-wavelength components, and particularly, the red 

I components, Moreover, the characteristics indicated by 

; the dotted line on the longer wavelength side show the 

IN* io wavelength transmission characteristics of an RGB 

:Q 

p filter 33 designed in such a manner that light of 

S! 

jjjjj infrared wavelengths is also transmitted- By 

transmitting light of the infrared wavelengths also, 
information from the infrared region is included in the 
15 images captured by the CCD camera 37. 

The composition of the RGB filter 33 is now 

jp described with reference to Fig, 5A and Fig* 5B* Fig* 

|1J 

p" 5A shows an embodiment wherein a circular disc forming 

! an RGB filter 33 is used in 4 separate divisions. The 

! 20 respective divided regions comprise an Extended Red 

j (Ext, R) region 33a which transmits red wavelength 

components ex Lending into the infrared region, having 
the wavelength transmission characteristics illustrated 
by the dotted line in Fig, 4, an R region 33b which 
25 transmits red wavelength components having the 

wavelength transmission characteristics illustrated by 
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the single dotted line in Fig., 4, a G region 33c which 
transmits green wavelength components, and a B region 
33d which transmits blue wavelength components. When 
the RGB filter 33 is caused to rotate as a uniform 
5 speed, and light is passed through it at a certain 

uniform position, the light is split in a time series 
fashion into separate wavelength components 
corresponding to the wavelength transmission 
characteristics of the respective regions- In the RGB 

10 filter 33 illustrated in Fig- 5A, the Ext. R region 33a 

and the R region 33b occupy one half of the area of the 
RGB filter 33, and therefore the red wavelength 
components are transmitted for a longer period of time 
than the green and blue wavelength components. 

15 Moreover, since the RGB filter 33 transmits components 



Q on the longer wavelength side shown in Fig. 4 with 



greater transmissivity, the longer wavelength 
components, and especially the red wavelength 
components, are transmitted in greater quantity than in 

2 0 the case of a normal RGB filter. 

Fig. 5B illustrates an embodiment wherein the 
circular disc forming the RGB filter 33 is divided into 
three regions. The respective divided regions comprise 
an Extended Red (Ext. R) region 33a which transmits 

25 red wavelength components extending into the infrared 

region, having the wavelength transmission 
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characteristics indicated by the dotted line in Fig. 4, 
a G region 33c which transmits green wavelength 
components, having the wavelength transmission 
characteristics indicated by the single-dotted line in 
5 Fig* 4, and a B region 33d which transmits blue 

wavelength components- With the RGB filter 33 shown in 
Fig* 5B, similarly to that shown in Fig. 5A, the light 
passing through the RGB filter 33 can be split in time 
series fashion into separate wavelength components 
10 corresponding to the wavelength transmission 

characteristics of the respective regions. Moreover, 



HI since the RGB filter 33 transmits components on the 

trt 

y t longer wavelength side shown in Fig. 4 with greater 



transmissivity, the longer wavelength components, and 
15 especially the red wavelength components/ are 



W transmitted in greater quantity than m the case of a 



normal RGB filter. The triangular symbols on Fig. 5A 
and Fig. 5B indicate the start position of the RGB 
filter 33 when it is rotated by the rotational motor 34 
20 in synchronism with the synchronizing signal, as 

described hereinafter. 

The wavelength amplification characteristics of 
the light amplifying tube 35 used in the first 
embodiment are now described with reference to Fig. 6. 
25 The light amplifying tube 35 used in the first 

embodiment has extended sensitivity into the longer 
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wavelength, infrared region, and as shown in the 
diagram, it has satisfactory gain for light between 
wavelengths of 100 nm and 900 nm. Therefore, it is 
capable of amplifying light of various wavelength 
5 components, from infrared to blue light, transmitted by 

the RGB filter 33, 

Next, the composition of the RGB control unit 4 
will be described. As shown in Fig. 1, an image signal 
of various wavelength components cap Lure by the CCD 
JL 10 camera 37 is sent to the RGB control unit 4. The RGB 



m 

s .. 

si 



control unit 4 comprises a communications control unit 
(CCU) 41, an RGB frame memory 42 for storing image 
signals form the CCD camera 37, an image quality 
enhancing device 43 for improving image quality by 
^ 15 removing noise form the image signal, and a scan 

O converter 44 for converting the scanning of the image 

0 signal which has been quality enhanced by the quality 

1 y 

enhancing device 43, in accordance with the medium onto 
which the respective images are to be written, as 

20 described hereinafter. 

The CCU 41 is a control unit which causes the 
wavelength color imaging device of the first embodiment 
to operate in synchronism with a 60Hz television 
vertical synchronizing signal (VD) . The CCU 41 sends a 

25 start signal to the RGB filter controller 25, whereby 

the RGB filter 33 is controlled in such a manner that 
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the start position of the RGB filter 33 as marked by 
the triangle symbols in Fig. 5A and Fig.. 5B rotates in 
synchronism with a start signal. Moreover, it also 
sends a light amplifying tube gate signal to the light 
5 amplifying tube power source 2 6, causing the light 

amplifying tube power source 2 6 to switch on and off 
and hence realizing a gate function of the light 
amplifying tube 35, in such a manner that only the 
valid light components transmitted by the Ext. R region 
io 33a, R region 33b, G region 33c and B region 33d shown 

CI in Fig. 5A are amplified according to the rotation of 

Kl 

HI the RGB filter 33. In other words, in the boundary 

S! 

areas between the divided regions in Fig* 5A, it is 

^ possible that light components transmitted by both 

15 regions are mixed together, and hence the light 

CI transmitted by the boundary areas between regions is 

Q treated as an invalid component and is excluded by 

P I 

means of a gate function of the light amplifying tube 
35, whereby only light transmitted by the central areas 

20 of each filter is taken as valid components and 

amplified by the light amplifying tube 35. 

The CCU 41 controls the RGB frame memory 42 and 
the scan converter 44 in the RGB control unit 4, The 
RGB frame memory 42 is controlled in such a manner that 

25 it reads out the respective image signals of the 

extended red (red including infrared), red, green, and 
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blue wavelength components captured in time series by 
the CCD camera 37, in synchronism with a CCD charge 
read-out signal sent by the CCU 41, and it stores the 
respective image signals thus read out in respective 
5 corresponding video frame memories (VFM) . The scan 

converter 44 reads out the respective image signals of 
the extended red, red, green and blue wavelengths 
stored in the RGB frame memory 42, via the image 
quality enhancing device 43, and computes these signals 

If 10 as a single color image frame. Thereupon, it converts 

P 

CI the scanning bo image signals corresponding to the 

m 

1J1 media to which the respective images are to be input, 

y, in synchronism with the (Ext, R + R + G + B) read-out 

signal from the CCD 41. As shown in Fig. 1, in the 
■P 15 first embodiment, the media to which the images are 

P input are a monitor 27, VTR 23 and PC 29. The image 

p signal input to the monitor 27 is converted to an NTSC 

signal, the image signal input to the VTR 28 is 

converted to a Y/C signal, and the image signal input 
20 to the PC is converted to an RGB signal. Here, the PC 

29 reads in the converted RGB signal by means of an 

interface circuit (I/F) 29a. 

Next, the action of the weak light color imaging 

device according to the first embodiment will be 
25 described with reference to Fjg. 1 and Fig. 7A - Fig. 

70. 
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Fig. 7A - Fig. 70 are timing charts indicating the 
operations performed for each signal from inputting 
images of the various wavelength components, extended 
red, red, green and blue, in synchronism with a 60 llz 
5 VD signal, through computation of the respective 

images, until generation of a single color image. In 
the diagram, chart 101 shows the start signal, chart 
102 shows the video signal (VD) , chart 103 shows the 
RGB filter signal, chart 104 shows the gate signal of 
M : io the light amplifying tube 35, chart 105 shows the Ext. 

CI 

P R charge read-out signal of the CCD, chart 106 shows 

jjf the Ext. R Vm input signal, chart 107 shows the CCD 

w 
yh 

H 

CI 15 read-out signal, chart 110 shows the Green VFM input 

W 
pi 

1* 



ru 



Red charge read-out signal, chart 103 shows the Red VFM 
input signal, chart 109 shows the CCD Green charge 



signal, chart 111 shows the CCD Blue charge read-out 
signal, chart 112 shows the Blue VFM input signal, 
chart 113 shows the (Ext. R + R + G + B) computing 
signal, chart 114 shows the (Ext. R + R + G + B) resd- 
20 out signal, and chart 115 shows the interlace scan 

converting signal. 

Let it be supposed that subject A is illuminated 
by the white light source 21 only, and that the 
excitation light source 22 and the treatment light 
25 source 23 are turned off. The weak light from the 

subject A is conducted by the endoscope 11 to the 
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camera box 3, where it is condensed by the coupling 
lens 32 {in this case, the excitation light excluding 
filter 31 is moved from between the endoscope 11 and 
the coupling lens 32 by the control of the filter 
5 controller 24) . The condensed weak light is input to 

and filtered by the RGB filter 33. Here, a filter 
comprising four divisions as illustrated in Fig. 5A is 
used as the RGB filter 33. 

At time point ti, the start signal shown in chart 
p ? 10 101 rises, and in synchronism with this, the RGB filter 

Jjj 33 is rotated starting from the start position 

UT indicated by the triangle symbol in Fig* 5A* In the 

period from time point ti to time point tj>, the weak 
light is transmitted by the Ext* R region 33a of the 



Si 



15 rotating RGB filter 33, as shown in chart 103. The 



extended red wavelength component of weak light thus 
transmitted is incident on the light amplifying tube 
35, but due to the gate function of the light 
amplifying tube 35 as illustrated in chart 104, only 

20 the valid component passing through the Ext* R region 

33a is amplified by the light amplifying tube 35, The 
light of extended red wavelength components amplified 
by the light amplifying tube 35 is captured by the CCD 
camera 37 which accumulates an electric charge 

25 corresponding to an image signal* 

At time point t 2 , the CCD charge read-out signal 
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rises as shown in chart 105, whereby the electric 
charge corresponding to the image signal of the 
extended red wavelength components accumulated by the 
CCD camera 37 is output to the RGB frame memory 42 of 
5 the RGB control unit 3. In the time period from time 

point l 2 to time point t 3/ as shown in chart 103, the 
wavelength is transmitted by the R region 33b of the 
rotating RGB filter 33, The R wavelength component 
transmitted thereby is incident on the light amplifying 
J 10 tube 35, but due to the gate function of the light 

amplifying tube 35 as illustrated in chart 104, only 
Ul the valid component passing through the R region 33b is 

amplified by the light amplifying tube 35* The light of 
^" the red wavelength component thus amplified by the 

T{ 15 light amplifying tube 35 is captured by the CCD camera 



E 



as* 

y * 



37 and an electric charge corresponding to an image 
signal is accumulated. The image signal of the extended 
red wavelength components output to the RGB frame 
memory 42 is written to the Ext. R VEM of the RGB frame 

20 memory 42, as illustrated in chart 106. The 

characteristic noise components generated by 
amplification of the light in the light amplifying tube 
35 are removed from the image signal of the extended 
red wavelength components written to the Bxt. R VFM, 

25 by means of the image quality enhancing device 43 + 

Thereupon, the image signal is input to a computing 
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section (not illustrated) of the scan converter 44, as 
shown in chart 113. 

At time point t 3/ the CCD charge read-out signal 
rises, as shown in chart 107, whereby the electric 
5 charge corresponding to the image signal of the red 

wavelength component accumulated by the CCD camera 37 
is output to the RGB frame memory 42 of the RGB control 
unit 3. In the time period from time point t-i to t 4 , the 
wavelength is transmitted by the G region 33c of the 
If io rotating RGB filter 33, as shown in chart 103. The 

0 

O green wavelength component of the wavelength thus 

P 

ih transmitted is incident on the light amplifying tube 

7\ h 35, but due to the gate function of the light 

^ amplifying tube 35 as illustrated in chart 104, only 

CI 15 the valid component transmitted by the G region 33c is 

w 

Q amplified by the light amplifying tube 35, The light of 

p the green wavelength component amplified by the light 

,g amplifying tube 35 is captured by the CCD camera 37, 

which accumulates an electric charge corresponding to 
20 an image signal- The image signal of the red wavelength 

component output to the RGB frame memory 42 is written 
to the Red VIM of the RGB frame memory 42, as shown in 
chart 108. The characteristic noise components 
generated by amplification of the light in the light 
25 amplifying Lube 35 are removed from the image signal of 

the red wavelength component written to the Red VFM, 
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by means of the image quality enhancing device 43. 
Thereupon, the image signal is input to the computing 
section of the scan converter 44, as shown in chart 
1X3, and superimposed with the previously stored image 
15 signal of the extended red wavelength component. 

At time point U f the CCD charge read-out signal 
rises, as shown in chart 109, whereby the electric 
charge corresponding to the image signal of the green 
wavelength component accumulated in the CCD camera 37 
10 ig output to the RGB frame memory 42 of the RGB control 

CI 

CI un it 3, in the time period between time point t 4 and t*, 

63 

j|| the weak light is transmitted by the B region 33d of 

?h 

u the rotating RGB filter 33, as illustrated by chart 

^ 103. The blue wavelength component of the weak light 

0 thus transmitted is incident on the light amplifying 

w 

0 tube 35, but due to the gate function of the light 

Mb 

Q amplifying tube 35 as illustrated in chart 104, only 

the valid component transmitted by the B region 33d xs 
amplified by the light amplifying tube 35. The light of 
20 the blue wavelength component amplified by the light 

amplifying tube 35 is captured by the CCD camera 37, 
which accumulates an electric charge corresponding to 
the image signal. The image signal of the green 
wavelength component that was output to the RGB frame 
25 memory 42 is written to the Green VFM of the RGB frame 

memory 42, as shown in chart 110* The characteristic 
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noise components generated by amplification of the 
light in the light amplifying tube 35 are removed from 
the image signal of the green wavelength component 
written to the Green VEVL, by means of the image quality 
5 enhancing device 43. Thereupon, the image signal is 

input to the computing section of the Scan converter 
44, as shown in chart 113, and superimposed with the 
previously input image signals of the extended red, and 
red wavelength components, 
10 At this time point, the RGB filter has made one 

revolution, and images for all wavelength components 
have been captured by the CCD camera 37. As described 
hereinafter, it is possible to obtain a single color 
image by reading out all of the captured image signals* 
15 In this way, since one color image is created for every 



4 clocks of the video signal vp shown in chart 102, a 



Cl color image which changes at a frequency of 15 Hz is 

ra 

obtained. Thereafter, the operations in charts 101 to 
104 illustrated in Fig. 7A to Fig. 7D arc repeated from 
20 time point ti, and the corresponding operations of 

reading out the CCD charge, and the like, are also 
repeated, further description thereof being omitted 
here* 

At time point ts, the CCD charge read-out signal 
25 rises as shown in chart 111, whereby the electric 

charge corresponding to the blue wavelength component 
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accumulated in the CCD camera 37 is output to the RGB 
frame memory 42 of the RGB control unit 3. In the time 
period from time point t 5 to t 6 , the image signal of the 
blue wavelength component output to the RGB frame 
5 memory 42 is written to the Blue VFM of the RGB frame 

memory 42, as shown in chart 112. The characteristic 
noise components generated by amplification of the 
light in the light amplifying tube 35 are removed from 
the image signal of the blue wavelength component 

I* 10 written to the Blue VFM, by means of the image quality 

0 

CI enhancing device 43. Thereupon, the image signal is 

m 

HI input to the computing section of the scan converter 

44, as shown in chart 113, where it is superimposed 
W i t h the previously input image signals of the extended 
O j 5 red/ rec j ; anc j green wavelength components. Here, an 

yj 

0 image signal wherein the image signals of the red, red, 

P green and blue wavelength components (Ext. R +■ R + G + 

m 

B) are superimposed is stored in the computing section 
of the scan converter 44. 

20 At time point U, the (Ext- R + R + G + B) read-out 

signal rises, as shown in chart 114, and the {Ext. R + 
R + G + B) image signal stored in the computing section 
of the scan converter 44 is read out. Here, the scan 
converter 44 converts the scanning of the (Ext. R + R + 

25 G + B) image signal in accordance with the connected 

media to which the image are to be input. For example, 



I* 
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the image signal to be written to the monitor 27 is 
converted to an NTSC signal. In this case, the scan 
converter 44 converts the (Ext, R + R + G + B) image 
signal to an image signal for Odd or Even interlace 
5 scanning, as illustrated in chart 115 in Fig. 70, in 

order to comply with an NTSC image signal. In this 
first embodiment, as well as a monitor 27, the media to 
which the images are input also comprise a VTR 28 and 
PC 29, as illustrated in Fig. 1- The scan converter 44 
10 converLs the (Ext. R + R + G + B) image signal to an 

NTSC signal for input to the monitor, to a Y/C signal 

i 

! for input to the VTR 28, and to an RGB signal for input 

I 

to the PC. Here, the PC 29 inputs the converted RGB 

signal by means of an interface circuit (I/F) 29a.. 

m 

Jf f 15 The input image is display by the monitor 27, and 

P the like, whereby the observer is able to view a color 

D image of the subject A. Incidentally, the weak light 

ru 

color imaging device of the first embodiment captures 
images of the red {or infrared) wavelength components 
20 at a higher ratio than images as seen by the human eye, 

and therefore, the images obtained have a strong red 
intensity. 

In the first embodiment f when an excitation light 
source 22 is irradiated onlio a subject A comprising 
25 cancer cells f HpD fluorescence having peaks at word 

lines of 630 run and 690 nm are generated by the subject 
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A. Here, a case is described where a subject A is 
imaged by means of a weak light color imaging device 
according to the first embodiment* Incidentally/ both 
the variable-output white light source 21 and 
excitation light source 22 are irradiated onto the 
subject A and the status of the peripheral region of 
the subject A is observed simultaneously with the 
status of fluorescence generation. 

The action of the first embodiment is described in 
a case where an excitation light source 22 is used* The 

C! excitation light component contained in the weak light 

£8 

III from the subject A guided to the camera box 3 by the 

ffl 

endoscope 11 is cut out by the excitation light 

* excluding filter 31. The weak light from which this 

R 15 excitation light component has been removed passes 

m 

p through the coupling lens 32 and is then incident on, 

Q and filtered by, the RGB filter 33, The action 

ru 

thereafter is similarly to the action of the first 
embodiment described above, and therefore further 

20 description thereof is omitted here. 

The fluorescence of 630 nm and 690 nm wavelength 
from subject A, as captured by the weak light color 
imaging device according to the first embodiment, is 
contained in the extended red wavelength component and 

25 red wavelength component, and hence it is emphasized in 

the captured images* Consequently, both the image of 
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the peripheral region of the subject A and the 
fluorescence of the HpD are readily discernable by the 
observer on the monitor 27 displaying the cap Lured 
images, and therefore he or she can perform PDD easily. 
5 After establishing the location of cancer cells by 

means of PDD, the excitation light source 22 can be 
changed for a treatment light source 23, whereby PDT 
can be performed at that location. 

If the fluorescence of the HpD is extremely weak, 

M* in or if the intensity of the illumination light is 

C! 

Q strong, then the fluorescence may become swamped by the 

jjj illumination light for the subject A as irradiated by 

^ the white light source 21, and hence it may not be 

^ possible to distinguish the fluorescence from the 

.s 

O 15 captured images displayed on the monitor 27, Therefore, 

w 

0 whilst observing the image of subject A displayed on 

p the monitor 27, the output of the white light source 21 

is adjusted appropriately such that the intensity of 
the light from the white light source 21 that is 
20 incident on the endoscope 11 due to reflection or 

scattering by subject A becomes equal to, or equal to 
or lower than, the intensity of the fluorescence that 
is incident on the endoscope 11 from the subject A, in 
such a manner that the fluorescence can be 
25 distinguished whilst still being able to observe the 

appearance of the peripheral regions of the subject A* 



m 
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Thereby, the observer is able bo identify the location 
at which fluorescence is being generated in the subject 
A, and hence he or she can perform PDD readily. 
Next, the action of the first embodiment is 
5 described in a case where the filler in Fig. 5B is used 

as the RGB filter 33, with reference to Fig. 8A - Fig. 
8M. Fig. 8A - Fig. 8M are timing charts indicating the 
operations performed for each signal from inputting 
images of the various wavelength components, extended 
JJ 10 red, green and blue, in synchronism with a 60 Hz VD 

signal, Lhrough computation of the respective images, 



yf until generation of a single color image* In the 

BR 

y, diagram, chart 201 shows the start signal, chart 202 

M 

shows the video signal (VD) , chart 203 shows the RGB 

P 15 filter signal, chart 204 shows the gate signal of the 

0 light amplifying tube 35, chart 205 shows the Ext. R 

CI charge read-out signal of the CCD, chart 206 shows the 

nj 

Ext. R Vffl input signal, chart 207 shows the CCD Green 
charge read-out signal, chart 208 shows the Green VEM 
20 input signal, chart 209 shows the CCD Blue charge read- 

out signal, chart 210 shows the Blue VFM input signal, 
chart 211 shows the (Ext- R + G + B) computing signal, 
chart 212 shows the (Ext. R + G + B) read-out signal/ 
and chart 213 shows the interlace scan converting 

25 signal. 

The operations in charts 201 to 213 shown in Fig. 
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8A to fclg. 8M are virtually the same as the actions in 
the first embodiment described above, and detailed 
description thereof is omitted, but the point of 
difference with respect to Fig. 7A to Fig. 70 is that 
5 the RGB filter 33 is divided into three, and therefore 

the images of the respective extended red, green and 
blue wavelength components are input in 3 clocks of the 
VD signal in chart 202 shown in Fig. 8B, and hence one 
color image is obtained every 3 clocks. In other words, 

M'* 10 using the RGB filter 33 shown in Fig. 5B, a color image 

O 

0 which changes at a frequency of 20 Hz is obtained. As 

yf| described above, with the RGB filter 33 shown in Fig. 

m 

K 5A, a color image of 15 Hz is obtained, so it can be 

^ seen that better image quality can be obtained by using 

n 

CI 15 the RGB filter 33 shown in Fig- 5B, However, when using 

w 

0 the RGB filter 33 in Fig. 5A, the extended red and red 

wavelength components are imaged for a longer period of 
time, and therefore a color image having a greater red 
wavelength component can be obtained. 
20 In this way, the weak light color imaging device 

according to the first embodiment: is able to capture 
wavelength containing HpD fluorescence components from 
a subject A, in the form of moving, color images, and 
color images in which both the appearance of the 
25 peripheral region of the subject A and the fluorescence 

of the HpD can be observed are obtainable by means of 
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images in which the fluorescence of the HpD contained 
in the subject A is emphasized . 

Next, a second embodiment of the present invention 
is described with reference to Fig- 9. 

Fig- 9 is a diagram showing an approximate diagram 
of a second embodiment. In this second embodiment, a 
weak light color imaging device is lens mounted and 
used for macro imaging, for example, in cases where the 
subject A is placed directly in the line of sight, 



« 10 during surgery, or the like, and images of the subject 



A are captured directly. Similarly to the first 



HI embodiment/ it is assumed that HpD has already been 

m 

injected into the patient's body. As shown in Fig. 9, 

SI 

, the weak light color imaging device according to this 

T s t IS second embodiment comprises: two types of light source 

21 and 22, a zoom lens 15 for magnifying the subject A 
at a prescribed rate of magnification, a camera box 3 
for amplifying and capturing images of the weak light 
from the subject A, for the respective red, green and 
20 blue wavelength components, an control unit 4 for 

obtaining a single image by computing the captured 
images signals for the respective wavelength 
components, a monitor 21, VTR 2 8 and PC 29 for 
displaying and storing the images thus obtained, and 
25 other peripheral devices* 

To give a more detailed description/ the weak 



35 



2002* 2A28B 2US550 



NO. 2179 P. 33 



FPOO-0138-00 



light color imaging device according to this second 
embodiment comprises: a white light source 21 which 
irradiates illumination light onto a subject A 
comprising cancer cells, and an excitation light source 
5 22 which irradiates excitation light onto the subject 

A, thereby exciting the HpD accumulated in the subject 
A and causing it to generate fluorescence. In contrast 
to the first embodiment, the subject A is placed 
directly in the line of sight, and hence the 
hk 10 illumination light from the white light source 21 can 

p be irradiated onto the subject A directly, without 



m 
m 
m 



passing via a light guide, or the like* Moreover, the 
excitation light source 22 is guided along a fibre in 
SJ order to be irradiated onto the subject A. 



8 



P 15 The weak light color imaging device according to 

p| the second embodiment comprises: an excitation light 



excluding filter 14 for excluding excitation light for 
exciting the HpD that is reflected or scattered by the 
subject A, a zoom lens 15 for magnifying the weak light 

20 from the subject A by a prescribed magnification 

factor, a filter converter 16 for performing control 
for changing the filter used for the excitation light 
excluding filter to a filter corresponding to the 
wavelength of the excitation light used/ by rotating 

25 the excitation light excluding filter 14, or conducting 

the weak light from the subject A directly onto the 
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zoom lens 15, without passing the filter, in cases 
where the excitation light is not irradiated, and a 
zoom controller 17 for controlling the magnification 
factor of the zoom lens 15 ♦ In the first embodiment, 
5 the excitation light excluding filter 14 was provided 

in the camera box 3, as shown in Fig. 1, but in this 
second embodiment, it is provided externally, rather 
than inside a camera box 3. 

Moreover, the weak light color imaging device 
10 according to the second embodiment comprises a camera 

CI 

p box 3 for imaging the weak light from the subject A, 

m 



and an RGB control unit 4 for storing the respective 
image signals of the extended red, red, green and blue 
^ wavelength components of the wavelength captured by the 



m 

73? 1 



O 15 camera box 3, and converting same to image signals 

Q corresponding to the media to which the images are to 



w 

n 



be input. The internal composition of the camera box 3 

• J 

and the RGB control unit 4 is the same as that of the 
first embodiment of the weak light color imaging device 
20 illustrated in Fig* 1. However, as stated previously, 

in the second embodiment, the excitation light 
excluding filter 31 provided inside the camera box 3 in 
the foregoing description is positioned between the 
subject A and the camera box 3, rather than inside the 
25 camera box 3* 

Moreover, as in the first embodiment, an RGB 
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filLer controller 25 for controlling the rotation of 
the RGB filter 33 inside the camera box 3, in 
synchronism with a start signal sent by a CCU 41 
provided inside the RGB control unit 4, and a light 
5 amplifying tube power source 2 6 for controlling a gate 

function of the light amplifying tube 35 inside the 
camera box 3 are also provided, A monitor 27 , VTR 28 
and PC 29 are provided as media to which the captured 
image signals are input. Here, the PC 29 displays 
I* 10 images by inputting an RGB signal of which the scanning 

CI 

jjg has been converted by the RGB control unit 4, by means 

of an interface circuit 29a. 



m 

9 1 Next, with reference to Fig. 9, the action of the 

SI weak light color imaging device according to the second 

s 

p 15 embodiment is described. Firstly, the white light 

w 

r% source 21 and the excitation light source 22 are 

w 

irradiated onto the subject A. The weak light 

U 

— containing HpD fluorescence from the subject A is 

incident on the zoom lens 15 via the excitation light 
20 excluding filter 14. The zoom lens 15 magnifies the 

image of the subject A based on the weak light, by a 
prescribed factor of magnification, and inputs this 
image to the camera box 3* The action of the camera box 
3 and subsequent elements is the same as the first 
25 embodiment and is omitted here. 

In this way, in the second embodiment, the weak 
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light color imaging device according to the present 

invention is lens mounted, and can be used to capture 

macro images of a subject A positioned directly in the 

line of sight. The weak light containing an HpD 

5 fluorescence component from the subject A can be 

captured in the form of moving color images, and color 

images are obtainable wherein both the appearance of 

the peripheral region of the subject A and the 

fluorescence of the HpD can be observed, by means of 
l(J images wherein the riuorescence or the tvpu contained m 

the subject A is emphasized* 

The present invention is not: limited to the first 



m 

HI or second embodiments. For example, in the first 



embodiment and second embodiment, in order to capture 
15 images on the CCD camera. 37 of only the valid 



0 components of the weak light transmitted by the RGB 

w 

Q filter 33, a gate function of the light amplifying tube 

□ 35 is employed, but it is also possible to capture only 



the valid component of the amplified weak light by 
20 using a shutter function of the CCD camera 37. 

Moreover, here, the VTR 28 was connected to the scan 
converter 44, but it is also possible to input (record) 
the images displayed on the monitor 27 thereto, by 
connecting same to the monitor 27. Moreover, in the 
25 first and second embodiments, since an image of the 

infrared wavelength component is also captured, it is 
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possible to perform PDD in combination with 
photosensitive materials other than HpD, which generate 
fluorescence in the infrared wavelength region. 
Furthermore, it is also possible to conceive of other 
5 application examples/ where, similarly to the second 

embodiment, the weak light color imaging device 
according to the present invention is lens mounted for 
use in a microscope, and microscopic image capturing is 
performed. 

10 As described in detail above, by means of the weak 

w 

C| light color imaging device according to the present 

invention, the wavelength from a subject A is 
transmitted by an RGB filter, and amplified by a light 



ill 

m 



^1 amplifying tube, whereby moving, color images of the 



P 15 subject can be obtained. 

UJ 

P Moreover, by adjusting the output of the white 

light source irradiated illumination light, in such a 

fit 

manner that that the weak fluorescence from the HpD is 
not swamped by the illumination light irradiated onto 

20 the subject, it is possible to capture images of both 

the fluorescence of the HpD and the peripheral region 
of the subject. Therefore, it is possible to identify 
the location of HpD fluorescence in the subject, and 
hence PDD can be performed readily. 

25 Moreover, by using a filter with enhanced 

transmissivity of longer wavelengths, especially, red 
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(and infrared) wavelength components, for the RGB 
filter, or by increasing the surface area of the filter 
that transmits light of red (and infrared) wavelength 
components above that of the filter transmitting light 
5 of green and blue wavelength components, or by 

transmitting light of red (and infrared) wavelength 
components for a longer period of time, it is possible 
to obtain images of the subject containing a large 
quantity of red wavelength component. Thereby, since 
M* 10 the fluorescence of the HpD contained in the subject is 

0 

□ emphasized in the captured images, it is possible to 

perform FDD visually from the captured images. 

Moreover, since images of the infrared wavelength 
v -l component can also be captured, it is possible to 



m 

m 
m 



5 



0 15 perform FDD using photosensitive materials other than 

w 

O HpD, which generate fluorescence in the infrared 



ry 



wavelength region when irradiated with excitation 
light . 

Basic PCT Application No* PCT/JPOO/05929 
20 designating U . S . A, filed on August 31, 2000, Basic 

Japanese Patent Application No* Hei-11-247649 filed on 
September 1, 1999 and Basic Japanese Patent Application 
No. Hei-11-262308 filed on September 16, 1999 are 
hereby incorporated by reference. 
25 From the invention thus described, it will be 

obvious that the embodiments of the invention may be 
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varied in many ways* Such variations are not to be 
regarded as a departure from the spirit and scope of 
the invention, and all such modifications as would be 
obvious to one skilled in the art arc intended for 
5 inclusion within the scope of the following claims. 
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